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[57] ABSTRACT 

A controller for an automatic transmission hydraulic 
clutch includes'a hydraulic clutch engaged by hydraulic 
pressure, a hydraulic pressure control valve for regulat- 
ing the hydraulic pressure, and a detector for detecting 
a condition immediately before engagement of the hy- 
draulic clutch based upon a change in the hydraulic 
pressure. A timing controller adjusts timing to change a 
control force in the hydraulic pressure control valve in 
response to detection of a condition immediately before 
engagement of the clutch. 

13 Claims, 8 Drawing Sheets 
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Because of this, although the period actually required 
APPARATUS FOR AND METHOD OF for the hydraulic clutch to carry out the shifting is from 

CONTROLLING HYDRAULIC CLUTCH t 2 to U shift time T 2 is prolonged by the dead stroke 

OPERATION IN AN AUTOMATIC period (ti to t 2 ), causing a disadvantage that the driving 

TRANSMISSION 5 feeling is degraded. 

This problem may seem to be solved by maximizing 
BACKGROUND OF THE INVENTION the flow rate of the control fluid supplied to the post- 

The invention relates to automatic transmissions for clutch at almost the same time as the initiation of the 
carrying out automatic shifting by switching power shifting to minimiz e the dead stroke moving period of 
transmission lines, which may be in turn controlled by 10 the piston. In this case, however, if the control fluid 
the operation of hydraulic clutches. flow rate is maintained maximum, the rise in the hydrau- 

Automatic transmissions are so constituted as to ob- lie pressure over the period ti to U of FIG. 8 is so great 
tain desired driving characteristics by automatically that it will cause a shift shock. Thus, it is necessary to 
changing their speed ratios in accordance with the driv- estimate the period of the dead stroke of the piston by 
ing conditions. In order to attain this purpose, it is cus- the use of a timer, and reduce the amount of the control 
tomary to provide a shift map composed of upshifting fluid to be supplied at the end of the period, so that the 
and downshifting lines for each speed range, the lines pressure change over the period t 2 to U as shown in 
being established in relation to the vehicle speed and the FIG. 8 may be obtained. 

engine power output, and to control the automatic 20 However, the dead stroke moving time (ti to t 2 ) is 
transmission to shift the speed ranges according to the easily affected by the variation of the individual clutch 
shifting map dependent on the changes of traveling clearances, so that the above estimated time for the dead 
states as indicated on the shift map. One example of stroke movement may well vary from one transmission 
such shifting control is disclosed in Japanese Laid-Open to another. Therefore, with the timer for maximizing 
Patent Publication No. 61-189354, for example. 2 5 the amount of the supplying control fluid over the esti- 

Hydraulic clutches used for shift control are con- mated period, the piston may move more than the dead 
trolled by supplying or discharging working fluid of a stroke and press the post-shift clutch, which will result 
given pressure, and have been widely used for setting a m a sudden engagement of the post-shift clutch and a 
speed in an automatic transmission, as seen in Japanese disadvantageous shift shock. 

Patent Publication 52(1977)-2 1 131. 30 In conventional transmission control for power on 

In changing the speed in an automatic transmission, shift-down (i.e. shift down operation while depressing 
the hydraulic pressure in an hydraulic chamber of an the accelerator pedal, e.g. kick-down) or for power-off 
engaging hydraulic clutch (hereinafter referred to as shift-up (i.e. shifting up operation by releasing the accel- 
"pre-shift clutch") is discharged into a drain and at the mtot p^dal during driving), the pre-shift clutch (which 
same time fluid of the controlling pressure is fed into the 35 has ^ fa engaged) is disengaged and thereafter 
hydraulic chamber of the hydraulic clutch for a gear ^ post.ghift clutch (which is to be engaged in the 
train to be set up (hereinafter referred to as "post-shift shifting) is engaged when the input rotation becomes in 
clutch"). The changes in hydraulic pressure in the pre- synchronism with the output rotation. Such control has 
shift and the post-shift clutches may be illustrated asm m advantage that ^ engagement is smooth since no 
FIG. 8. In this figure a shift is started at time tt- The 40 meTtial energy is then exchanged between the input and 
hydraulic pressure in the hydraulic chamber of the 0U tp U t shafts 

pre-shift clutch rapidly drops from time t u although it Jn ^ conventional control( however, the accuracy 
exhibits a plateau pressure for some time owing to the of ^ s hronization timing of the input and output 
Actions of the accumulator orifice contro valve and ^ ^ m dutch ^ { since tne detec . 

the hke. On the other hand the Pressure m the hydrau- 45 tion (determination) of the synchronization resorts to a 
he chamber of the post-shift clutch is rapidly stepped up * relationship between the vehicle speed and 

toP 2 atUmet 2 afteritHmam^^ wh £ £ fluid 

t 2 ; between time t 2 and tj retained on a plateau gently r ^ e variations, and slips in the 

going up from P 2 to P 3 ; and increased up to the prede- * ^ fluid couplings . ! P naccurate 

termmed clutch pressure P^at the end of the time inter- 50 , 7* . co " vcricI uw hum buupuuga xua^uioic 
val between t 3 and u. Such hydraulic pressure control is ^termination of the synchronization timmg wil lead 
exercised to ensure smooth engagement of the post-shift t0 > f ° r «™P^ ^ car1 "* engagement of the post-shift 
clutch so that the shift shock is reduced, for which the clutch ^ ch ca ^fl a shift shock, or a delayed engage- 
change in hydraulic pressure has been conventionally me * of ** Post-shift clutch which cases an excessively 
obtained by the accumulator disposed in the hydraulic 55 ra P ld mcrease m en ^ s P eed ? r ™P lesant feehn S s - , 
line supplying the fluid to the post-clutch. Another problem is also mvolved in the conventional 

In FIG. 8, the hydraulic pressure change in the post- transmission control in which the synchronization tim- 
shift clutch (line A ) from time ti to t 2 indicates the m S of the ^P* and output rotations is detected for the 
pressure change observed over the period from the time post-shift clutch and the working fluid is supplied to the 
that the piston of the post-shift hydraulic clutch begins 60 post-shift clutch, in that the time of engagement of the 
to move to the time that the piston actually begins to clutch delays due to the fact that the clutch begins to 
push the clutch plate, i.e. the period required for the engage only after the piston has moved the dead stroke 
piston to move the clutch clearance. Since the motion distance. This drawback may be improved by giving a 
of the piston during this period is dead stroke and the shift signal at a time earlier than the true synchroniza- 
piston moves without doing any work, the hydraulic 65 tion time. However, a difficulty still remains that the 
pressure in the hydraulic chamber supplies a low pres* dead stroke greatly differs for individual transmissions 
sure needed for the motion, as exhibited in the time and accurate detection of the synchronization time in 
interval between ti to t 2 in the Figure. prior to the synchronization is not easy. 
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predetermined value required for the engagement when 
the synchronization is detected. 



An object of the invention is to provide a control By undergoing the above clutch control in the auto- 
apparatus for a hydraulic clutch used with an automatic matic transmission, when, for example, an shift signal 
transmission, which has a short dead stroke moving 5 based on the shift map is given in the power-on shift- 
period and hence a short shift period and is less affected down or power-off shift-up, the hydraulic fluid supplied 
by individual variations of the transmission. to the pre-shift hydraulic clutch is reduced so that the 

Another object of the invention is to provide a pre-shift clutch is disengaged. In the post-shift clutch, 

method of controlling a hydraulic clutch in power-on the flow rate of the hydraulic fluid supplied from the 

shift-down or in power-off shift-up, with which not 10 hydraulic control valve is maximum at the beginning, 

only the synchronization of the input and the output allowing the piston of the clutch trip the dead stroke 

speeds may be accurately detected in the post-shift very quickly. Upon the completion of the dead stroke 

clutch but also the engagement of the clutch may be movement, the pressure of the fluid is raised to have the 

done without delay upon the detection. clutch engaged. The rise to the hydraulic pressure just 

An apparatus for controlling hydraulic clutch opera- 15 before the engagement is detected. At the same time 
tion according to the present invention comprises a when the rise is detected, the hydraulic pressure is re- 
hydraulic pressure control valve which regulates opera- duced to the level a little lower than the engagement 
tional hydraulic pressure by employing a control force, starting pressure to maintain the clutch in pre-engaging 
a hydraulic clutch operated by the operational hydrau- condition. Then, the clutch is engaged when the input 
lie pressure supplied from the hydraulic pressure contol 20 and output speeds are synchronized (i.e. equalized) in 
valve, detection means which can detect a condition the post-clutch by increasing the hydraulic pressure to 
immediately before engagement of the hydraulic clutch the predetermined engaging pressure. In this case, since 
and control means to adjust operational timings of the the input to output speed ratio is directly detected by 
hydraulic pressure control valve in response to a detec- detecting the input and output rotational members of 
tion of the above condition by the detection means. the post-clutch, an accurate detection of the synchroni- 

With the above hydraulic clutch control apparatus, as zation timing is possible. Since the post-shift clutch has 
the piston of the clutch is detected to have completed been in the pre-engaging condition before the synchro- 
the dead stroke movement and the pressure is detected nization, it is immediately engaged as the hydraulic 
to have exceeded the predetermined pressure by means 3Q pressure supplied to the post-clutch is increased, so that 
of, for example, the hydraulic pressure detection the post-shift clutch engagement is accurately con- 
switch, a signal is sent from the switch to the hydraulic trolled without delay upon the detection of the synchro- 
control valve which begins to control the hydraulic nization mentioned above. 

pressure to be supplied to the hydraulic clutch. There- Further scope of applicability of the present inven- 
fore, in making minimum the dead stroke moving time 35 tion will become apparent from the detailed description 
of the piston, it is possible to niaximize the flow rate of given hereinafter. However, it should be understood 
the control fluid supplied from the hydraulic control that the detailed description and specific examples, 
valve to the hydraulic clutch till the completion of the while indicating preferred embodiments of the inven- 
dead stroke movement In other words, until the dead tion, are given by way of illustration only, since various 
stroke movement is completed, the amount of the con- changes and modifications within the spirit and scope of 
troi fluid supply is maximized to quickly move the pis- the invention will become apparent to those skilled in 
ton for engagement in the shortest time. In this case, the the art from this detailed description, 
hydraulic pressure remains low even if a great amount tm^h^t^vt ^ ™™ ~« . «,^ T ^„ 
of the conuol fluid is supplied during the dead stroke BRIEF DESCRIPTION OF THE DRAWINGS 
movement, since the piston receives no reactive force 45 The present invention will become more fully under- 
then. However, as the stroke is finished and the piston stood from the detailed description given hereinbelow 
beings to push the clutch plate, the hydraulic pressure and the accompanying drawings, wherein: 
increase rapidly, which is detected by the hydraulic FIG. 1 is a schematic view of an automatic transmis- 
pressure detection swtich. Upon receiving the signal sion. 

from the switch indicative of the detection, the hydrau- 50 FIG. 2 is a hydraulic circuit of a control valve used in 

lie pressure valve starts to control the hydraulic pres- controlling the above automatic transmission, 

sure required to engage the hydraulic clutch. FIG. 3 is a graph showing a change in the clutch 

In the control method according to the present inven- control pressure observed in the control of the transmis- 

tion, the input to output speed ratio (=output speed/in- sion by the above control valve, 

put speed) is detected by detecting the speeds of the 55 FIG. 4 is an alternative hydraulic circuit of the hy- 

input rotational member and the output rotational mem- draulic control valve for shift control in accordance 

ber of the hydraulic clutch, and the synchronization of with the invention. 

the input and output shafts of the post-shift hydraulic FIG. 5 is a flowchart of the control according to the 

clutch during shifting is detected by detecting the con- invention. 

dition that the input to output ratio is about 1.0. In a 60 FIGS. 6A(l-5) and 6B(l-5) are graphs showing the 

power-on shift-down or power-off shift-up, the control signals, input to output speed ratio, engine speed, etc., 

force of the hydraulic control valve is maximized after that appear in the control following the above flow- 

the initiation of the shifting until the time just before the chart. 

engagement so that the flow rate of the control fluid FIG. 7 is a graphical representation of the shift map 

supplied to the hydraulic clutch is maximized, and then 65 used in the shift control. 

the hydraulic pressure is maintained at a value a little FIG. 8 is a graph showing the change in the control 

lower than that of the engagement starting pressure. pressure in the hydraulic clutch under conventional 

The hydraulic pressure is adapted to increase to the transmission control. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is an outline illustrating the constitution of an . 
automatic transmission. In this transmission AT, the 
engine power output is transmitted from the engine 
shaft 1 to the output shaft 6 through a torque converter 

2 and the speed reduction mechanism 10 having a multi- 
plicity of gear trains by which the speed is changed. 
Specifically, the output power of the torque converter 2 
is given to the input shaft 3. Then, it is transmitted to the 
counter shaft 4 arranged in parallel with the input shaft 

3 after it is changed in speed by means of one of five 
gear trains disposed between the input shaft 3 and the 
counter shaft 4. The output power is further transmitted 
to the output shaft 6 through output gear trains 5a and 
Sb disposed between the counter shaft 4 and the output 
shaft 6. 

The above five gear trains disposed between the input 
shaft 3 and the counter shaft 4 include a first speed gear 20 
trains 11a and lib, a second speed gear train 12a and 
12b t a third speed gear 113a and 136, a fourth speed gear 
train 4a and 14b, and a reverse speed gear train 15a, 15b 
and 15c. The gear trains are each provided with hydrau- 
lically operable clutches 11c, 12c, 13c, 14c and 15o*, 25 
respectively, for transmitting the power through them. 
The first speed gear 116 is provided with a one-way 
clutch llo*. Thus, by selectively operating one of these 
five gears, desired speed transmission may be achieved. 



10 



15 



The shift map has a shift-up line Lc/and a shift-down 
line Lo as shown in FIG. 7 for which the throttle open- 
ing 077/ and the vehicle speed V are taken on the axis of 
ordinates and abscissas, respectively. A shift-up is con- 
ducted when the point representing traveling state de- 
termined by the engine throttle opening (amount of 
depression of the accelerator pedal) and the vehicle 
speed crosses the shift-up line Lc/to the right. A shift- 
down is conducted when the point crosses the shift- 
down line K/> to the left. It should be understood that 
although only one shift-up line and one shift-down line 
are shown in FIG. 7, there are in actual a multiplicity of 
lines corresponding to the number of speed ranges. 

The power-on shift-down mentioned above refers to 
a case in which the accelerator pedal is depressed dur- 
ing driving to make a shift-down, crossing on the shift 
map the shift-down line Ld from the up-region (right 
region) to down region (left region) as indicated by the 
arrow B. On the other hand, the power-off shift-up 
refers to a case in which the accelerator pedal is re- 
leased during driving, crossing the shift-up line from the 
down region to the up region as indicated by the arrow 
A. 

When the point crosses the shift-up line or shift-down 
line on the shift map, an operation signal is supplied 
from the controller 30 to the solenoid valves 22, 23 via 
signal lines 31a, 31b, which makes the control valve 20 
operate so that supplying or discharging the hydraulic 
pressure to or from each of the hydraulic clutches 11c 



The five hydraulic clutches 11c through lSd men- 30 through 15o\ yielding a shift-up or shift-down. 



tioned above are selectively operated by the pressurized 
hydraulic fluid supplied from a hydraulic control valve 
20 through hydraulic lines 21a, through lie. 

The operation of the hydraulic control valve 20 is 
controlled in accordance with the operations of a man- 
ual valve 25 which is connected to a shift lever 45 by 
means of a wire 45a, of two solenoid valves 22 23, and 
of a linear solenoid valve (clutch pressure control 
valve) 56. 



The control valve 20 will be described below with 
reference to FIG. 2. 

In the control valve 20, the operational fluid supplied 
by the pump 8 from an oil sump 7 is led by a line 101 into 
35 a regulator valve 50 which functions to maintain the 
fluid at a predetermined line pressure. The fluid having 
the line pressure is led to the manual valve 25 through 
the line 110. Then the fluid is supplied, via various 
valves in the control valve 20, to a selected one of hy- 



The solenoid valves 22, 23 are turned on and off in 40 draulic clutches 11c, 12c, 13c, 14c, and lSd in accor- 

correspondence with operation signals sent from a con- dance with changes in traveling states, thereby control- 

troller 30 via the signal lines 31a and 316. The linear ling the operation of the clutch, 

solenoid valve 56 is operated by signals sent from the These various valves in the control valve 20 will be 

controller 30 via the signal line 31c. The controller 30 is described below. A relief valve 52 is disposed in the 

provided with a signal indicative of the rotational speed 45 downstream of the regulator valve 50 and prevents the 

of the input speed of the hydraulic clutch detected by a pressure of the fluid for lubrication supplied to the 

first speed sensor 35 based on the rotation of the reverse transmission through a line 102 from exceeding a prede- 

gear 15c through the line 35a, a signal indicative of the termined pressure. A modulator valve 58 reduces the 

output speed of the hydraulic clutch detected by a sec- line pressure of the fluid supplied through a line 103 to 

ond sensor 32 based on the rotation of the output gear 50 a predetermined modulator pressure, and supplies this 



5b via a signal line 32a, and a throttle opening signal 
indicative of the throttle opening of an engine throttle 
41 detected by a throttle opening sensor 33 via a signal 
line 33a. The throttle 41 is connected with a throttle 
pedal 43 via a wire 42, so that the degree of depression 
of the throttle pedal may be detected by detecting the 
throttle opening. 

The shift control in the transmission constituted as 
above is now described. 



operating fluid having the modulator pressure to a lock- 
up clutch control circuit (not shown), via a line 104, to 
control the lock-up clutch in the torque converter 2. 
The fluid having modulator pressure is also supplied to 
55 a line 105 for shift control. 

A manual valve 25 is operable in response to the shift 
lever manipulated by the driver, and may take either 
one of 6 positions, P, R, N, D, S, and 2. The fluid having 
the line pressure from the line 110 is selectively supplied 



The shift control may be carried out in response to a 60 to the lines in correspondence with the above positions. 



shift lever 45 and according to the shift range set up by 
a manual valve 25 in the hydraulic control valve 20. 
Possible shift ranges are, for example, P, R, N, D, S, and 
2. In P and N range, the hydraulic pressure clutch 11c 
through - 15a* are in non-engaged neutral state. In R 
range, the reverse hydraulic clutch 15a* is engaged to 
establish a reverse range. In D, S, and 2 range, the shift 
control according to the shift map is carried out. 



A 1-2 shift valve 50, a 2-3 shift valve 52, and a 3-4 
shift valve 54 are operated when the manual valve 25 is 
in either one of D, S, or 2 position by the action of the 
modulator pressure supplied in accordance with the 
65 ON-OFF actuation of the first and the second solenoid 
valves 22 and 23. These valves are provided for control- 
ling the supply of the line pressure fluid to the first 
through the fourth clutches 11c, 12c, 13c, and 14c so that 
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the shift control is carried out by operating the valves 
50, 52, and 54. 

A clutch pressure control valve 56, which corre- 
sponds to a hydraulic pressure control valve stated in 
the claims, is used for changing the pressure of the fluid 5 
to be supplied to the clutches 11c through 14c to a desir- 
able pressure by means of a linear solenoid 56a, thereby 
preventing shift shocks during shifts. Also, the clutch 
capacity can be appropriately adjusted by changing the 
above pressure to a desirable pressure in correspon- 10 
dence with the engine throttle opening. 

A first through a third orifice control valve 60, 66, 
and 68 are provided for relieving the hydraulic pressure 
in the pre-shift clutch during shifting, in a manner timed 
to the building up of the pressure in the post-shift 15 
clutch. The first orifice control valve 60 relieves the 
pressure in the hydraulic chamber of the third clutch 
13c at the time of down-shift from the third to the sec- 
ond speed range and at the time of an up-shift from the 
third to the fourth speed range. The second orifice 20 
control valve 66 relieves the pressure in the hydraulic 
chamber of the second clutch 12c at the time of up-shift 
from the second to the third speed range or from the 
second to the fourth speed range. The third orifice 
control valve 68 relieves the pressure in the hydraulic 25 
chamber of the fourth clutch 14c at the time of down- 
shift from the fourth to the third speed range or from 
the fourth to the second speed range. It is noted that 
electric switches 65 and 69 are provided at the left ends 
of the first and the third orifice control valve 60 and 68, 30 
respectively. These switches detect the shifting and are 
switched on in response to the movement of the spools 
in the respective valves, in such a way that it is moved 
to the left against the spring force acting thereon as the 
control pressure supplied to the post-shift clutch ex- 35 
ceeds a predetermined pressure. This leftward motion 
may be detected electrically. 

The first clutch 11c and the reverse clutch XSd are 
connected with accumulators 90 and 95, respectively, 
which prevent the creation of shocks during shifting by 40 
moderating the hydraulic pressure change encountered 
in the operation of the clutches lie and 15d. The second 
through the fourth speed clutches 12c-14c are con- 
nected with clutch pressure switches 80, 82, and 84, 
respectively. The motions of the spools of the switches 45 
80, 82 and 84 are detected by electric switches 81, 83, 
and 85, respectively, to detect the starting up of the 
shifting operations of the clutches 12c-14c. Based on 
this detection, a starting time of controlling the line 
pressure by the clutch pressure control valve 56 is de- 50 
terrnined. 

In the control valve 20 thus constituted, each of the 
above mentioned valves may be operated in response to 
the operation of the manual valve 25 initiated by the 
shift lever manipulation, and the ON-OFF operation of 55 
the solenoid valves 22 and 23, resulting in the selective 
supply of the line pressure to the corresponding one of 
the clutches llc-154 for automatic shifting. 

The operations of each valves in the shift from the 
third to the fourth speed range are described along with 60 
the change of the control pressure in the chambers of 
the third and fourth clutches 13c, 14c 

We start with traveling at the third speed range. In 
this case, the first solenoid valve 22 is OFF, and the 
communication between the line 107 and the drain is 65 
shut off so that the modulator pressure from the hydrau- 
lic line 105 acts on the hydraulic line 107. On the other 
hand, the second solenoid valve 23 is ON, and the hy- 



8 



draulic line 106 is communicating with the drain, so that 
the pressure inside the hydraulic line 106 is about zero. 
The spools of the 1-2 shift valve 50 and the 2-3 shift 
valve 52 move to the left, while the spool of the 3-4 shift 
valve 54 moves to the right As a result the pressure of 
the fluid controlled by a clutch pressure control valve 
56 to a predetermined line pressure Pl is delivered to 
the third clutch 13c via the hydraulic lines 135, 134, 133, 
132, and 131, keeping the third clutch 13c in engage- 
ment. It is noted that this control pressure Pi acts on the 
third orifice control valves 66, 68 via the line 130 to 
move the spools of the valves 66, 68 to the left. 

In the case above, the second and fourth clutches 12c, 
14c are not engaged and the third clutch 13c is engaged, 
so that the power is transmitted through the third gear 
trains 13a, 136. To note, the first clutch 11c is also in 
engagement, the power transmission through the first 
speed gear train 11a, lib is not effected on account of 
the function of the one-way clutch UcL 

Next, shifting from the above condition to the fourth 
speed range is considered. This shift is carried out by 
turning OFF the first and second solenoid valve 22, 23, 
respectively, to derive from the hydraulic line 105 a 
modulator pressure in the hydraulic line 106 and 107. 
The spool of the 3-4 shift valve 54 which has been so far 
moved to the right is now moved to the left. Hence, the 
hydraulic control pressure which has been supplied so 
far from the clutch pressure control valve 56 to the 
third clutch 13c is now supplied to the fourth clutch 14c 
via the hydraulic lines 135, 134, 133, 132 and 141, and 
the supply to the third clutch 13c is shut off. 

The pressure changes in the third clutch 13c and 
fourth clutch 14c encountered in such shifting from the 
third to the fourth speed is shown in FIG. 3 in which 
solid curves D and C show the pressure changes in the 
third clutch 13c and 14c, respectively, when the sole- 
noid valve 22, 23 are both turned OFF at time tu. 

On account of shutting off the hydraulic pressure 
supply to the third clutch 13c, the pressure, which was 
?L before the shifting, rapidly drops to P4 which bal- 
ances with the reactive force of the spring 13rf of the 
clutch. The pressure then gradually lowers as shown in 
the figure due to the control by the first orifice control 
valve 60 communicating therewith via the hydraulic 
line 136 and 137. 

The hydraulic pressure in the fourth clutch 14c in- 
creases little at first due to the dead stroke involved in 
the clutch operable piston. However, in this example 
the clutch pressure control valve 56 is fully open by the 
maximum driving force of the solenoid 56a, so that the 
maximum flow rate of the control fluid is supplied 
through the lines 135, 134, 133, 132, 141. Consequently, 
the operating piston is quickly moved, completing the 
dead stroke movement in a very short time by t^. 

As the dead stroke movement is completed, the pis- 
ton begins to push the clutch plate and as a result the 
hydraulic pressure rises quickly. If this pressure exceeds 
a predetermined pressure Pi, die spool of the hydraulic 
detection switch 84 receiving this pressure via the line 
140 is moved to the right in the figure. The arm of the 
electric switch 85 is pushed by the spool and turns ON 
the switch 85. The pressure rise in the fourth clutch 14c 
can be detected by this ON operation of the switch 85 
when it exceeds a predetermined hydraulic pressure Pi. 
The detection of the pressure at time ti2 initiates the 
hydraulic pressure control by means of the clutch pres- 
sure control valve 56. 
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This pressure control is carried out as shown in the 
figure. Namely, after the pressure is quickly increased 
to P2 at about Tn, it is gradually increased till t\z along 
a plateau between them, and then increased quickly up 
to Pi till 1 14, thereby nondelaying and smooth shifting 5 
may be obtained. It should be noted that the pressure in 
the fourth clutch 14c is also supplied through a fluid line 
142 to the first orifice control valve 60, the spool of 
which is moved to the left to drain the line 142 as the 
pressure in the fourth clutch 14c exceeds a predeter- 10 
mined pressure. In this example, such action of the spool 
takes place at time t2i, after which the pressure in the 
third clutch 13c rapidly drops. 

As mentioned above, since the piston of the clutch is 
quickly moved over the dead stroke distance, the over- IS 
all shifting time Ti may be shortened by shortening the 
time required for this dead stroke movement (tu to tn). 

Although in the above embodiment the hydraulic 
pressure detection switch $4 (or alternative hydraulic 
pressure detection switch 80 or 82 for other shifts) is 20 
used as a switch for detecting the completion of the 
dead stroke movement of the clutch piston during shift, 
other means that can detect the control hydraulic pres- 
sure in the clutch may be used equally well, or alterna- 
tively the motion of the clutch piston may be detected 25 
directly to find the completion of the dead stroke move- 
ment Further, in the orifice control valves 60, 66, and 
68, the spools are adapted to be moved by the hydraulic 
pressure of the post-shift clutch, it is possible to have the 
hydraulic pressure set to the level suitable for detecting 30 
the completion of the above mentioned dead stroke 
movement so that the completion of the above men- 
tioned dead stroke movement may be detected by de- 
tecting the motions of the spools of these orifice control 
valve 60, 66, 68 by electric switches 65, 69. 35 

Since in the above embodiment the initiation timing 
of the hydraulic control may be regulated by detecting 
the hydraulic pressure supplied to the hydraulic clutch 
exceeding a predetermined pressure, it is possible to 
make the amount of the control fluid supplied from the 40 
hydraulic control valve to the hydraulic clutch maxi- 
mized until the dead stroke movement of the clutch 
piston is completed and the control pressure reaches the 
predetermined pressure, so as to have the dead stroke 
movement done quickly, and thereafter to start the 45 
hydraulic control of the shifting. This makes the shifting 
time corresponding to the dead stroke short and hence 
the over-all shift time short, providing favorable shift 
control having a good response. In spite of the fact that 
the shifting time corresponding to the dead stroke not 50 
only varies much with individual transmisssions but also 
changes with time, it is possible to suppress the resulting 
fluctuations in the shifting time by reducing the time for 
the dead stroke movement 

Next, referring to the FIG. 4, other embodiments of 55 
the hydraulic control valves are described below. A 
pump 8, an oil sump 7, a regulator valve 50, a relief 
valve 52, manual valve 25, a modulator valve 58, 1-2 
shift valve 50, 2-3 shift valve 52 and 3-4 shift valve 54 
for the control valve 220 are the same with those in 60 
FIG. 2, and further description of them is not repeated 
here. 

Fluid lines 106a, 1066 connected with a first solenoid 
valve 22 and also with a fluid line 105 via an orifice 22a. 
When the first solenoid valve 22 is electrically turned 65 
off, the drain port thereof is shut off, and the lines 106a, 
1066 is supplied from the line 105 with a working fluid 
having a modulator pressure. When the solenoid valve 
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22 is electrically turned on, the drain port is opened so 
that the pressure in the lines 106a, 1066 become nearly 
zero. Lines 106c through 106/ are connected with a 
second solenoid valve 23 and with the line 105 via the 
orifice 23a. When the second solenoid valve 23 is elec- 
trically turned off, the drain port thereof is shut off and 
the lines 106c through 106/ are supplied from the line 
105 with the working fluid having a modulator pres- 
sure. When the above valve 23 is electrically turned on, 
the drain port is opened to make the pressure in the lines 
106c through 106/ nearly zero. 

The line 106c is connected to the right end of the 1-2 
shift valve 50, the line 1066 to the right end of the 2-3 
shift valve 52, the line 106c to the left end of the 1-2 
shift valve 50, the line 106e to the right end of the 3-4 
shift valve 52, the line 106/to the left end of the 2-3 shift 
valve 52. The line 106e and 106/ are also connected with 
the second solenoid valve 23 through the manual valve 
25 and the line 106o*. Hence, through ON-OFF controls 
of the first and the second solenoid valves 22 and 23, 
which controls supply and discharge of the modulator 
pressure supplied from the lines 106a through 106/ 
operational controls of the 1-2, 2-3, 3-4 shift valves 50, 
52, 54, respectively, may be carried out. Therefore, by 
selectively supplying the line pressure from the line 110 
to the hydraulic clutch 11c, lie, 13c, 14c via the manual 
valve 25, a desirable transmission shift may be fulfilled. 

The control valve 220 comprises a first through a 
fourth orifice control valve 70, 72, 74 and 76, with 
which, at the time of a shift, the pressure relief in the 
hydraulic chamber of the pre-shift clutch may be timed 
to the rise of the hydraulic pressure in the hydraulic 
chamber of the post-shift clutch. The relief timing of the 
hydraulic pressure in the third speed clutch during 
shifting from the third to the second speed is done with 
the first orifice control valve 70; the relief timing of the 
hydraulic pressure in the second speed clutch during 
shifting from the second to the third speed or from the 
second to the fourth speed is done with the second 
orifice control valve 72; the relief timing of the hydrau- 
lic pressure in the fourth speed clutch during shifting 
from the fourth to the third speed or from the fourth to 
the second speed is done with the third orifice control 
valve 74; the relief timing of the hydraulic pressure in 
the third speed clutch during shifting from the third to 
the fouth speed is done with the first orifice control 
valve 76. 

Accumulators 91, 92, 93, and 94 each having pres- 
sure-receiving chambers communicated with the corre- 
sponding hydraulic clutches 11c, 12c, 13c, 14c are pro- 
vided. The fluid lines 121, 122, 123, 124 are connected 
with respective back pressure chambers which are ar- 
ranged in opposition to the pressure receiving chambers 
of the accumulators and across the piston members 91a, 
92a, 93a and 94a. These fluid lines are also connected 
with a linear solenoid valve 256 via the fluid line 120a, 
1206, and 120. 

The linear solenoid valve 256 has a linear solenoid 
256a, which is controlled by the electric current sup- 
plied thereto, thereby enabling the hydraulic pressure 
control supplied to the fluid line 120. Thus, by control- 
ling the electric current to the linear solenoid 256a, the 
pressure in the back pressure chamber of the accumula- 
tors 91 through 94 may be controlled and so that the 
hydraulic pressure in the pressure chamber in the en- 
gaging clutch (post-shift clutch) may be controlled at 
will during shifting. 
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The second through the fourth speed clutches are input-output speed ratio of the present speed range 

also provided with hydraulic pressure detection clutch is 1.0. On the other hand, the input speed of the 

switches 80, 82, and 84, respectively just like shown in object speed range clutch is smaller than the output 

FIG. 2. speed, so that the input-output speed ratio ecu is much 

In the control valve 220 thus constituted, each of the 5 greater than 1.0 for the object range clutch (see FIG. 

above valves (other than the valve 22, 23, and 25) are 6A). In this case the electric current output to the linear 

controlled by the operation of the manual valve 25 solenoid 56a is reduced in step S9 to a predetermined 

actuated manually with the shift lever 45, and by the low current I (LOWD) (at time tt). 

ON-OFF actuations of the solenoid valves 22 and 23, so Therefore, a low back pressure generated by the 

as to provide selectively hydraulic line pressures to 10 linear solenoid valve 56 in correspondence to the above 

each of the clutches 11c through 15d suitable for the low value I (LOW) is supplied to the back pressure 

automatic shifting. Such operation have been well chamber of the accumulator connected with the object 

known in the art and therefore they are not further speed range clutch. Since the accelerator pedal has been 

described here. depressed, the engine speed Ne is accordingly increased 

Referring to the flowchart in FIG. 5, and the graphs IS as shown in 6A. It has that the engine speed is a little 

in FIGS. 6 A and 6B, control of the shifting in the pow- increased at the time to, which is due to the fact that 

er-on shift-down or power-off shift-up for the transmis- since the engine speed is increased at the time the accel- 

sion above is now described. erator pedal was depressed (i.e. time of power-on), the 

In this control, the traveling state is determined on slip of the torque converter has grown. On account of 

the shift map in SI, and a determination is made in step 20 this, it is not desirable to calculated from the engine 

S2 whether the shift is a power-on shift-down, i.e. any speed the input speed of the clutch. However, the speed 

change has taken place as shown by the arrow B in detection in this embodiment is accurate, since the input 

FIG. 7. If the traveling state change is found to be in a speed is calculated from the gear speed of the gear 15c 

power-on shift-down, a shifting instruction is made to connected mechanically on the input side of the clutch 

switch from the present speed range (pre-shifting range) 25 and from, the gear ratio of the gears involved in the 

SO to an object speed range (post-shifting range) SI (at shifting. 

time to as shown in FIG. 6A). During a predetermined As the engine speed is increased as mentioned above, 
period of delay time Tw (step S3), signals So are given the input speed of the object speed range clutch is in- 
to the solenoid valves 22, 23 to maintain the present creased as well, so that the input-output speed ratio 
speed range (step S4) and the electric current output to 30 tcta gradually approaches 1.0. When the input-output 
the linear solenoid 56a is maximized to I (max) (in step speed ratio becomes smaller than the threshold value 
S 5) so as to maintain at the maximum the fluid line tcUED which is set a little greater than 1.0 as a precau- 
pressure supplied to the present speed range clutch tion to allow some variation, steps proceeds from S8 to 
(pre-shifting clutch). The clutch is left engaged. S10 in which the maximum electric current I (max) is 
After the time Tin elapsed, a signal S a is output to the 35 passed through the linear solenoid 56, so that the hy- 
shift solenoids 22, 23 to shift down from the present draulic pressure supplied in the back pressure chamber 
speed range to the object speed range in step S6. Next, of the accumulator connected with the object speed 
it is examined if the post-shift clutch is in a condition range clutch is rapidly increased, and so is the pressure 
immediately before engagement (ion step S7). Whether in the hydraulic pressure chamber of the object range 
the piston of the clutch has moved over the dead stroke 40 clutch, thereby engaging the clutch to complete the 
and is just before the engagement or not can be detected shift (at time t3). 

by means of corresponding hydraulic pressure detection It should be noted here that the magnitude of the 
switches 81, 82, or 84. Until the piston becomes in a electric current I(LOWD) supplied to the linear sole- 
condition just before the engagement, the electric cur- noid 56a is set so that the hydraulic chamber pressure, 
rent to the linear solenoid 56a is maximized to I (max) 45 which is given in the object range clutch by the sole- 
(in step S5). Although the electric current remains at noid valve 56 having the linear solenoid 56 in the form 
the maximum I (max), the working fluid supply to the of an accumulator back pressure, is a little lower than 
present speed range clutch (pre-shift clutch) is shut off the engagement starting pressure of the object range 
since a shifting signal S a is output from the shift sole- clutch. Accordingly, the piston in the object range 
noid, and fluid supply to the object speed range clutch 50 clutch is retained, during the time Xi to t3, in a condition 
is started. Since the electric current through the linear immediately before engagement after it has moved the 
solenoid 56a is maximum, the fluid supply to the object dead stroke distance against the return spring force 
speed range clutch is maximum, moving the piston of under the hydraulic pressure which is a little lower than 
the clutch quickly toward engagement The piston is the engagement starting pressure, and hence at time tj at 
moved quickly over the dead stroke distance. At a pis- 55 which the current output to the linear solenoid 56a is 
ton just before engagement, the hydraulic pressure is raised to I(max) the object range clutch may be engaged 
increased in the clutch, which is detected by the hy- with little delay, providing smooth shift down, 
draulic pressure detection switches 81, 82, or 84. As the power-on shift-down is finished at this mo- 
When the object speed range clutch reaches the con- ment, the shift instruction S a to the shift solenoid valve 
dition just before the engagement (at time t2), a decision 60 is switched to So (in step Sll), and the speed range after 
is made whether or not the input-output speed ratio the above shift is taken as the present speed range to 
ecu (= output speed/input speed) is greater than a prepare for subsequent shift controls, 
threshold value gcleid which is a little greater than 1.0 On the other hand, if the shift is judged not to be 
(in step S8). The input-output ratio is obtained from the power-on shift-down in step S2, the control flow pro- 
values detected by the first and the second speed sen- 65 ceeds to step S21 where a decision is made whether or 
sors 35, 32 and calculated by the gear ratio of the gear not the shift is power-off shift-up, i.e. whether the 
train, i.e. 15c and 5b used for the detection through the change as indicated by the arrow A in FIG. 7 has been 
post-shift clutch gears. At an early stage of the shift, the taking place. If the shift is power-on shift-up, the shift 
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instruction is switched from the present pre*shift one So 
to the object post-shift one Si (at time to) as shown in 
FIG. 6B. Further, over a predetermined delay period 
Tic/ (step S22), a signal So is given to the shift solenoid 
valve 22, 23 (step S23) instructing them to maintain the 5 
present speed range, and the present range clutch (pre* 
shift clutch) is retained in engagement by maximizing 
the electric current supplied to the linear solenoid 56a 
to I(max) during the period (step $24). 

After the period T\u has elapsed (at time ti), the 10 
control proceeds to step S25, where a signal S 0 is output 
to the shift solenoid to shift up the the speed range to 
the object speed range. In this case also, until the object 
range clutch reaches the condition immediately before 
the engagement, the electric current given to the linear IS 
solenoid 56a is retained to the maximum i(max) so that 
the dead stroke motion of the piston is quickly done 
(step S26, S24). 

When the object range clutch reaches the condition 
just before the engagement, the control flow proceeds 20 
to step S27 where a decision is made whether or not the 
input-output speed ratio ecLa is smaller than a threshold 
value ecuEU which is a little greater than 1.0. At an 
early stage of the shift the input-output speed ratio of 
the present range clutch is 1.0. On the other hand, the 25 
input speed of the object range clutch to which the 
clutch is shifted up is greater than the output speed, so 
that the input-output speed ratio ecu is much smaller 
than 1.0 for the object range clutch (see FIG. 6B). In 
this case, the control flow proceeds to step S28 where 30 
the electric current output to the linear solenoid 56a is 
reduced to a predetermined low current I(LOWU) (at 
time t2). 

With this operation, the hydraulic pressure in the 
object range clutch is decreased to a level correspond- 35 
ing to the above low electric current I(LOWU). Since 
the accelerator pedal has been released, the engine 
speed Ne is accordingly decreased as shown in FIG. 6B. 
It is seen that the engine speed is a Little decreased at the 
time to, which is similar to the above case, due to the 40 
fact that the slip of the torque converter has reduced 
since the engine speed is decreased by the release of the 
accelerator pedal. 

As the engine speed is decreased as mentioned above, 
the input speed of the object range clutch is increased as 45 
well, so that the input-output speed ratio ecLa gradually 
approaches 1.0. When the input-output speed ratio be- 
comes smaller than the threshold value cqlieu which is 
set a little smaller than 1.0. as a precaution to allow 
some error the control flow proceeds from S27 to S29 in 50 
which the maximum electric current I(max) is passed 
through the linear solenoid 56, so that the hydraulic 
pressure supplied in the back pressure chamber of the 
accumulator connected with the object range clutch is 
rapidly increased, and so is the pressure in the hydraulic 55 
pressure chamber of the object range clutch, thereby 
engaging the clutch to complete the shift (at time tj). 

It should be noted in this case also that the magnitude 
of the electric current I(LOWD) supplied to the linear 
solenoid 56a is set so that the hydraulic chamber pres- 60 
sure, which is generated in the object range clutch as a 
result of the pressure regulation by the solenoid valve 
56 having the linear solenoid 56a in response to the 
accumualtor back pressure, is a little lower than the 
engagement starting pressure of the object range clutch. 65 
Because of this, the piston in the object range clutch is 
retained in a condition immediately before engagement 
after it has moved the dead stroke distance against the 
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return spring force under the hydraulic pressure little 
lower than the above engagement starting pressure. At 
time t3 at which the current output to the linear solenoid 
56a is raised to I(max), the object range clutch may be 
engaged with little delay, providing smooth shift up. 

As the power-on shift-down is finished in this way, 
the shift instruction S a to the shift solenoid valve is 
replace by So (in step S30), and the speed range after the 
above shift is taken as the present speed range to pre- 
pare for subsequent shift controls. 

If the step S21 the shift is decided not to be power-off 
shift-up either, the control flow comes to an end. 

Although the invention has been described by way of 
example for an embodiment using a linear solenoid 
valve* for the control of working fluid pressure in the 
post-shift clutch during shifting, if should be understood 
that the invention is not limited to this, and that solenoid 
valves controlled by duty ratio signals, for example, 
may alternatively be used. 

The invention being thus described, it will be obvious 
that the same may be varied in many ways. Such varia- 
tions are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modifica- 
tion as would be obvious to one skilled in the art are 
intended to be included within the scope of the follow- 
ing claims. 

What is claimed is: 

1. An apparatus for controlling hydraulic clutch op- 
eration in an automatic transmission comprising: 

a hydraulic clutch operatively engaged by use of 

operational hydraulic pressure; 
a hydraulic pressure control valve for regulating the 

operational hydraulic pressure supplied to said 

hydraulic clutch in accordance with a control 

force; 

detection means for detecting a condition immedi- 
ately before engagement in said hydraulic clutch 
based on a change in said operational hydraulic 
pressure; and 

control means for adjusting a timing to change said 
control force in said hydraulic pressure control 
valve in response to a detection of said condition 
immediately before engagement by said detection 
means. 

2. An apparatus for controlling hydraulic clutch op- 
eration as defined in claim 1; wherein, when said hy- 
draulic clutch is going to be engaged during shift, the 
control force employed on said hydraulic pressure con- 
trol valve is set to maximum until said condition imme- 
diately before engagement is detected, and then said 
control force is reduced to an appropriate force for 
obtaining a specified operational hydraulic pressure. 

3. An apparatus for controlling hydraulic clutch op- 
eration as defined in claim 1 or 2; wherein, said detec- 
tion means includes a hydraulic pressure switch to de- 
tect a hydraulic pressure at which said hydraulic clutch 
is in a condition immediately before engagement. 

4. An apparatus for controlling hydraulic clutch op- 
eration as defined in claim 1 or 2; wherein, said control 
force employed on said hydraulic pressure control 
valve is generated by a electric drive means, said detec- 
tion means includes an electric pressure switch to detect 
a hydraulic pressure at which said hydraulic clutch is in 
a condition immediately before engagement, and said 
control means adjust operational timings of said hydrau- 
lic pressure control valve in response to electric signals 
sent from said electric pressure switch. 
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5. An apparatus for controlling hydraulic clutch op- 
eration as defined in claim 4; wherein, said electric drive 
means includes a linear solenoid. 

detection means for detecting a condition immedi- 
ately before engagement in said hydraulic clutch 5 
based on a change in said operational hydraulic 
pressure; and 

control means for adjusting a timing to change said 
control force in said hydraulic pressure control 
valve in response to a detection of said condition 10 
immediately before engagement by said detection 
means. 

6. An apparatus for controlling hydraulic clutch op- 
eration in an automatic transmission, comprising: 

a hydraulic pressure control valve which regulates 15 
operational hydraulic pressure by employing a 
control force, 

a hydraulic clutch operated by the use of the opera- 
tional hydraulic pressure supplied from said hy- 
draulic pressure control valve; 20 

detection means which can detects a condition imme- 
diately before engagement of said hydraulic clutch; 
and 

control means to adjust operational timings of said 
hydraulic pressure control valve in response to a 25 
detection of said condition by said detection means 
wherein said control force employed on said hy- 
draulic pressure control valve is generated by a 
electric drive means, said detection means includes 
an electric pressure switch to detect a hydraulic 30 
pressure at which said hydraulic clutch is in a con- 
dition immediately before engagement, and said 
control means adjust operational timings of said 
hydraulic pressure control valve in response to 
electric signals sent from said electric pressure 35 
switch. 

7. An apparatus for controlling hydraulic clutch op- 
eration in an automatic transmission, comprising; 

a hydraulic clutch operatively engaged by the use of 
operational hydraulic pressure; 40 

an orifice provided in a hydraulic line through which 
operational hydraulic fluid is supplied to said hy- 
draulic clutch; 

an accumulator having a pressure receiving chamber 
being connected to said hydraulic clutch and a 45 
back-pressure chamber, hydraulic pressure in said 
pressure receiving chamber being determined in 
correspondence with hydraulic pressure in said 
back-pressure chamber; 

a hydraulic pressure control valve for regulating 50 
control hydraulic pressure supplied to said back- 
pressure chamber in accordance with a control 
force; 

detection means for detecting a condition immedi- 
ately before engagement in said hydraulic clutch 55 
based on a change in said operational hydraulic 
pressure; and 

control means for adjusting a timing to change said 
control force in said hydraulic pressure control 
valve in response to a detection of said condition 60 
immediately before engagement by said detection 
means. 

8. An apparatus for controlling hydraulic clutch op- 
eration as defined in claim 7 wherein, when said hydrau- 
lic clutch is going to be engaged during shift, the con- 65 
trol force employed on said hydraulic pressure control 
valve is set to maximum until said condition immedi- 
ately before engagement is detected, and then said con- 



trol force is reduced to an appropriate force for obtain- 
ing a specified operational hydraulic pressure. 

9. An apparatus for controlling hydraulic clutch op- 
eration as defined in claim 7 or 8 wherein said detection 
means includes hydraulic clutch is in a condition imme- 
diately before engagement. 

10. An apparatus for controlling hydraulic clutch 
operation as defined in claim 7 or 8 wherein, said con- 
trol force employed on said hydraulic pressure control 
valve is generated by a electric drive means, said detec- 
tion means includes an electric pressure switch to detect 
a hydraulic pressure at which said hydraulic clutch is in 
a condition immediately before engagement, and said 
control means adjusts operational timings of said hy- 
draulic pressure control valve in response to electric 
signals sent from said electric pressure switch. 

11. An apparatus for controlling hydraulic clutch 
operation as defined in claim 10 wherein said electric 
drive means includes a linear solenoid. 

12. A method of controlling hydraulic clutch opera- 
tion in an automatic transmission, said hydraulic clutch 
operation being controlled by fluid of operational hy- 
draulic pressure supplied from a hydraulic pressure 
control valve and said operational hydraulic pressure 
being regulated by said hydraulic pressure control 
valve in accordance with a control force employed on 
said control valve, comprising the steps of: 

setting said control force to maximum until a condi- 
tion immediately before engagement of post-shift 
hydraulic clutch is detected during shifting. 

reducing said control force to a low valve immedi- 
ately after detection of said condition, so that said 
operational hydraulic pressure is reduced to a pres- 
sure a little lower than engagement starting pres- 
sure at which said post-shift hydraulic clutch is 
kept in a condition immediately before engage- 
ment, and then 

increasing said control force to a specified valve 
when an input to output speed ratio in said post- 
shift clutch becomes approximately 1.0, so that said 
operational hydraulic pressure is increased to a 
specified pressure at which said post-shift hydrau- 
lic clutch is engaged. 

13. A method of controlling hydraulic clutch opera- 
tion in an automatic transmission, said hydraulic clutch 
operation being controlled by fluid of operational hy- 
draulic pressure supplied from a hydraulic pressure 
control valve and said operational hydraulic pressure 
being regulated by said hydraulic pressure control 
valve in accordance with a control force employed on 
said control valve, comprising the steps of: 

setting said control force to maximum until a condi- 
tion immediately before engagement of post-shift 
hydraulic clutch is detected during shifting, 

reducing said control force to a low value immedi- 
ately after detection of said condition, so that said 
operational hydraulic pressure is reduced to a pres- 
sure a little lower than engagement starting pres- 
sure at which said post-shift hydraulic clutch is 
kept in a condition immediately before engage- 
ment, and then increasing said control force to a 
specified value when an input to output speed ratio 
in said post-shift clutch becomes approximately 1.0, 
so that said operational hydraulic pressure is in- 
creased to a specified pressure at which said post- 
shift hydraulic clutch is engaged. 
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